A new optical trapping study shows that the stepsize of cytoplasmic dynein varies according to the applied force, suggesting that this motor can change gear. Complementary biochemical kinetic work on yeast dynein mutants hints at the allosteric mechanisms involved.
bind. The tail in turn connects to a substantial cargobinding assembly called the dynactin complex, which can itself bind to microtubules. A new study using the 'optical-trap' technique [4] -in which molecules are physically manipulated using the force exerted by light -was carried out using dynactin-free purified dynein, passively adsorbed at low density to plastic beads. These bead-dynein complexes were held in a single beam infra-red optical trap, positioned against an immobilised microtubule so as to allow the dynein to run along the microtubule, and their movement was tracked. The geometry is the same as that pioneered by Block and colleagues [5] in their work on kinesin.
In this geometry, the motor pulls the bead out of the fixed optical trap, and in doing so tenses the linkage that attaches it to the bead. Pulling out the bead-motor link in this way stiffens it and helps to ensure that bead movements faithfully report motor movements. With this arrangement, kinesin stalls at 6-8 pN, but cytoplasmic dynein stalls at only about 1.1 pN, which means that, for dynein, the bead-motor link is relatively slack and the traces are noisy. Nonetheless, steps can be discerned and their amplitude can rigorously be studied using pairwise distance-function analysis, which extracts steps from noisy records.
Using such analyses, Mallik et al. [4] found that, for cytoplasmic dynein, the stepsize decreases with increasing load. At high loads, cytoplasmic dynein takes predominantly 8 nm steps, corresponding to the axial distance between adjacent tubulin heterodimer subunits of the microtubule. At lower loads, the steps are longer; and at zero load, the modal stepsize is 24 nm, with some steps as long as 32 nm. Under such zero load conditions, the authors found that the distribution of 'residence times' -the durations of processive runswas single exponential, characteristic of a system in which one step corresponds to the binding of one ATP molecule. They accordingly suggest that, as at low load cytoplasmic dynein uses one ATP per 24-32 nm step and at high load it steps 8 nm at a time, it is likely that at high load the molecule steps 8 nm per ATP. This would imply, remarkably, that single dynein molecules can change gear.
Recent electron microscopic studies [6] Another way entirely in which a molecular motor might change gear is to vary the contribution of the diffusional-scanning and power-stroke components of the step. In molecular motors in general, each step consists of the sum of a passive scanning process, in which the tethered motor searches for its next binding site, and a subsequent power stroke which is coupled to product release. In a team of motors, for example in a myosin filament, the contribution of the passive component varies according to the applied force. Perhaps dynein can do this at the single molecule level? Microtubules bound to a surface coated with dynein.ADP.V i oscillate back and forth in one-dimensional diffusion [9] , suggesting that the pre-power-stroke dynein.ADP.P i conformation is indeed capable of diffusional scanning. In the case of a bead-coupled motor, this diffusional component of the step will vary according to the size of the diffusing bead-motor complex and the trapping force. Applied force will rapidly reduce the amplitude of the scanning excursions, leaving just the power stroke component as important at high force.
The gear-change behaviour indicated by Mallik et al. The importance of these two new studies [4, 10] is that they open the way to single molecule mechanochemistry experiments that will elucidate the mechanisms of allosteric regulation in dynein. Perhaps we may ultimately learn precisely why it is so BIG. 
